Better Buildings Webinar Series

WEe'll be starting in just a few minutes....

Tell us...please send your response to the webinar

organizers via the question box:

What topics are you interested in for future webinars?
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Energy-Water Nexus

(Quads / year)

H,ma:

Water

[ : (Billion gallonsiday)

Saline Ground [ Injection 0.8
2
Energy reported in Quads/year. Water reported in Billion Gallons/Day.

From: US DOE. 2014. The Water-Energy Nexus: Challenges and Opportunities.
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Energy-Water Nexus: Policy Example

= 19% of CA energy consumption related to water
= 25% water reduction mandate in 2015

App"?gqc{j HVAC

{(6%)

From July to Sept. 2015,
energy savings from

Indoor

lighting mandated water reductions in
conservation o CA (~460 GWh) equaled first
S year savings from utility
programs implemented over
Other (49 that same time period
Outdoor lighting (29)
Process (49%)

Whole building (3%) Refrigeration (29)

Data from UC Davis Center for Water-Energy Efficiency. 2017. California H,Open. Accessed August 10, 2017. https://cwee.shinyapps.io/greengov/. Image taken from: Rao, et al. 2017.
Technology and Engineering of the Water-Energy Nexus. Annual Reviews of Environment and Resources.
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Energy-Water Relationship: Pumping

= \Water saving measures often reduce the amount
of energy required to pump water

= Areduction in flow leads to a larger reduction in
brake horsepower for centrifugal pumps
BHP, (Flow,\"
BHP, (Flowl)

* To realize savings, adjustments to the pumping
system must be made

EEEEEEEEEEEE




Energy-Water Relationship: Cooling

Towers

= TwO energy uses:
= Cooling tower fan
= Condenser water pump

= Energy use breakdown for 500 ton chiller operating at
ASHRAE minimum standard efficiencies— 15% for
cooling tower*

Condenser

pump
7%

Cooling
tower fan
8%

Chilled
water

pump
8%

*Morrison, F. 2014. Saving Energy
with Cooling Towers. ASHRAE
Journal.
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Energy-Water Relationship: Steam

Systems

= Large energy and water use at U.S. manufacturing
facilities

= 31% of onsite energy use*

= 11% of onsite water use**

*DOE EIA MECS 2010
**Walker, et. 2013.
Image taken from iStock/11893854
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Example of water use in a steam system

100,000 Ib/hr @
/ 150 psi steam

Process/Heating

Pre-Treatment Appllcatlon

Steam Rate

100 traps w/ 30%
Feed water failed open and 1/8”
| | trap orifice = 2,274
\./ Ib/hr* (or 2.4 MGlyr)
0.1% Boiler
steam
loss =
100 Ib/hr
0.1
Blowdown ! Condensate
Condensate Return Return System

-t

*See Steam T|p Sheet # 1. Inspect and Repair Steam Traps
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Increasing condensate recovery to 80%

= Water: Reduces amount of make-up water
required

* |n example, saves ~10 MG annually

= Energy: Rather than heating city/cold water
(~60°F) to saturated steam, facility will heat hot
water (~300°F in example)

* |n example, saves ~31,000 MMBtu annually

Assumptions:
Natural gas fired boiler operating 80% efficiency

EEEEEEEEEEEE



Reducing blowdown from 10% - 5%

= \Water: Reduces make-up water to compensate
for blowdown loss

* |n example, saves ~6 MG annually
= Energy: Water lost is blowdown is very hot

(358°F in example) and has to be made up with
cold water (~60°F)

= |n example, saves ~19,000 MMBtu annually

Assumptions:
Natural gas fired boiler operating 80% efficiency

EEEEEEEEEEEE
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Fixing steam traps/leaks

= Water: reduces make-up water needed to
compensate for steam lost through traps

= |n example, reducing to 10% broken traps saves ~1.6 MG
annually

= Energy: reduces amount of steam that has to be
re-generated to compensate for steam losses

= |n example, reducing to 10% broken traps saves ~20,000
MMBtu annually

Assumptions:
Natural gas fired boiler operating 80% efficiency

EEEEEEEEEEEE




Example energy and water savings

A hypothetical boiler producing 100,000 Ib/hr of 150 psi
steam upgraded to: return more condensate, reduce
blowdown, fix broken steam traps

Measure Base case | After action Annual Annual
energy water
savings savings

Return more 31,000
0) 0 b
condensate 30% loss 20% loss MMBLU 10 MG
Reduce 10% 19,000
0 )
blowdown blowdown S SRR MMBtu el
Fix broken 30% 20,000
0 )
steam traps broken HO9 17 S MMBtu 1.6 MG
. 70,000
Total savings - - MMBtu 17.6 MG

| 40% reduction in water use! |
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Example of after water/energy saving

actions

Process/Heating

Pre-Treatment Appllcatlon

100,000 Ib/hr @
/ 150 psi steam

Steam Rate 100 traps w/ 10%
failed open and 1/8”

Feed water

trap orifice = 758
| | Ib/hr* (or 0.8

@ MG/yr)

O 1% Boiler
steam
loss =
100 Ib/hr
(0.1
<«
Blowdown Condensate
Condensate Return Return System

-t

*See Steam T|p Sheet # 1. Inspect and Repair Steam Traps
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HARBEC: Rainwater harvesting

= 900,000 gallon rainwater retention pond
= 145,000 gallons/month reduction in purchased water

= 17,000 kWh/month in energy savings from reduction
In cooling pump and fan loads from 50 hp to 6 hp

= Simple financials:
= Achieved $50,000 in avoided insurance
costs
= Saved $3,000 in water costs
= Energy cost savings
= $250,000 implementation cost




Energy savings outside of the facility

20% of all energy for water in the US is for water supply and wastewater treatment

Municipal | Self- Nor. CA So. CA NY Wi
(national) | supply
Extraction
(surface/ground)
2,117/2,117 | 9,727/9,727
Conveyance 470 —
(surface/ground) 1,600/ 1,380/ | 1,500/
2,100 S00/750 820 - 1750
Water treatment 111/111 111/111 1060
(surface/ground)
Distribution 1,272/1,272 | 1,272/1,272
Wastewater
collection
Wastewater 750 —
I ———— 2 960 2,500 1,911 1,911 1480 N/A
Wastewater
discharge

Energy intensities in KWh/MG

Sources: Elias-Maxil, et al. (2014), EPRI, CEC, NYSERDA, Energy Center Wisconsin
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Water savings outside the facility

» Losses in the water system mean 1 gallon at the
facility requires 1.16 gallons at the source
(national average)

= \Water savings at the power plant (see next slide)

Hering, et al. (2013). A Changing Framework for Urban Water Systems. Environmental Science & Technology.
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Water savings outside of the facility

Withdrawals once-through conling pond recirculating dry-cooled Consumptlon
[ 1T 1T 11 1
{gallons/ wallens/
Ty ) el S Ir: I
i B om W H m BB e W b b b b Wi g
50,000 1,200
50,000 I I oo W Coal
40,000 I I . I B 300 4 Biopower
30,000 I I L] ! - l - 600 # Natural gas
20,000 N - 400 Solar
10,000 e | — I H = 200 £ i
0 - . - B B B B __ i B 0 |‘ Wlnd
£ e & ] e ES ES e L L Ly o &y L oy gy o
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Averyt, et al. (2011). Freshwater Use by U.S. Power Plants: Electricity’s Thirst for a Precious Resource.
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Thank youl!

Prakash Rao, Ph.D.
ph: 510-486-4410
Email: prao@Ibl.gov
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Cummins, Inc. e

2016 revenue: $17.5 billion
55,000 global employees
Headquarters: Columbus, IN

24



Cummins energy & water

2016 global usage:

919,000,000

kWh electricity

12,500,000

gallons diesel fuel

1,490,000,000

cubic feet natural gas

934,000,000

gallons water

REDUCE ENERGY USE

2020 GOAL 32 PERCEN]

REDUCE DIRECT WATER USE INTENSITY
2020 GOAL 50 PERCENT

25



Energy & water conservation

Mutual reduction opportunities:

= Reduce cooling tower loads

= Improve equipment & facility performance
= Optimize operational efficiency

= Indirect benefits (energy-water nexus)

26



Cooling load reduction

Global LED lighting campaign
= 70K MWhl/yr usage

= 10K MWh/yr reduction target
(14%)

= 8 Mgal water/yr reduction

Compressed air challenge
= 84K MWh/yr usage

= 10K MWh/yr reduction target
(12%)

= 8 Mgal water/yr reduction

Public Use

27



Engine testing energy recovery e

Dynos absorb mechanical output

Conventional dynos =» heat

m Mechanical mExhaust  Cooling

Public Use 28
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Cooling tower replacement

1 ]

T8 m@ :ﬁ%‘-m

L, W T, .
[T %aa s §§§
e =
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— |

—

Water savings: 22 Mgal water/yr (38%)
Tower energy savings: 1100 MWh/yr (19%)
Chiller energy savings: 1900 MWh/yr (25%)

&



Steam boller
replacement

Before
500hp & 350hp
steam boilers

After
(5) Hydronic boilers

Gas savings:
80,000 therms/yr

Electricity savings:
171 MWhlyr

Water savings:
5 Mgal water/yr est.




Renewable energy

&

Indiana wind
farm VPPA

= Virtual power
purchase agreement

= 15 year term

= 75 MW capacity

= 262,000 MWh/yr

= 165,000 MTCO.,elyr
= 69 Mgal water/yr

32



Environmental Champions

*Training
=Tools

=Best practices
=Tech support

*Employee
engagement

33




=nvironmental Champions e

= Common approach to water and energy
management

v'Energy balance / water balance

v'Leak elimination

v'Treasure hunts

v'Shutdown plans for equipment & processes
v'Automated controls

v"Metering & trend analysis

https://betterbuildingssolutioncenter.energy.gov/implem
entation-models/energy-champion-program




Capital project hopper

= 5 year project plan
= Hopper includes capital, energy & water impacts
= Prioritized by ROI, environmental benefits and risk

. 1,132.43
2017 Eco Project Hopper
Sr.No REGION Country PROJECT DESCRIPTION EET CAPITAL $ SAVINGS ELECTRICITY DIESEL NG SAVING (CU.FT) Total Energy Saving in ‘GHG REDUCTION $/ (MTCO,e) PAYBACK NPV IRR WATER SAVINGS
($k) ($k) SAVINGS(Kwh) | SAVINGS(GALLONS) MMBTu (mt C0e) (years) ($k) (%) (Us. gal)
35 Asia Pacific China Phase II chilled water system is primary pump 60 18 120,000 0 0 1228 92 652 33 39 27 0
system, in order to improve hydrodynamic
stability, plan to transform to secondary pump
system
36 Asia Pacific China Phase I test hall area of about 1000 square 8 2 15,000 0 0 154 12 628 33 4 24 0
meters, 10 meters high, can reduce the load of the
air conditioner through the installation of large
industrial fan
2 America us Project under consideration. 100
48 America us Waste Heat Recovery from Test Cell Process Water 100 22 11000 3500000 3714 185 541 4 39.18 22 35,000
62 America us MAF Installation 150 9 107000 0 0 1095 65 2,308 10 (65) 3) )
49 America us Office Lighting Upgrades 50 8 120000 1228 83 602 5 7.19 15
64 America us Install Variable Frequency Drive (VFD) on 40 24 289080 0 0 2959 182 220 35 45 25 0
pumps
65 America us Install VFD on Chiller 75 42 506546 0 0 5185 318 236 2.1 124 47 0
66 America Us Install a sequencer for chillers 75 42 489338 0 0 5009 308 244 2.1 120 47
50 America us Compressed air upgrades 20 6 84000 860 58 345 3 15.8 33
68 America us Replace Water Brake Dyno 300 115.10 734,886 0 0 7522 510 588 1.26 211 30% 5,000,000
69 America us Upgrade Parking Lot lighting to LED 120 38 470,400 0 0 4815 296 338 2.66 824 68% 0
70 America us Sub Metering for Compressors & Boilers 25 4.94 61,755 0 63,012 697 a1 612 5.06 9 20% 0
7.
2 America us Occupancy lighting controls at North side of Facility 34 7.00 81,558 0 0 835 63 350 3.14 17 33% 0
» America us Upgrade 18year old HVAC unit in Plastics 118 41.00 178,000 0 0 137 948 3.17 65 25% 0
Department 1822
74 America us Upgrade 41 Exterior MH Lights to LEDs 27 5.00 50,282 o 0 515 39 697 5.40 1 12% 0
96
Asia Pacific us Solar PV Farm 100 12.48 156,000 0.00 0.00 1507 0 #VALUE! #REF!
105 America us of T5/T8 lamp in with LED 330 48 577000 0 0 5906 363 909 5.5 5 11 0
51 America us AHU#3 Upgrades 75 7 100000 1024 70 1,071 B -18 4
108 America us Installation of new small compressor . Matching 600 28 315000 0 0 3224 To be worked out H#VALUE!
capacity with demand
109 America us Power Quality Analyzer 15 0 #DIV/0!
52 America us Energy Dashboard/Sub metering expansion 100 20 280000 2866 194 515 4 28.8 19
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UC Irvine & Irvine Ranch

Water District Collaboration:
UCI Central Plant Recycled
Water Conversion Project

v

o

Uni [ f
November 7th, 2017 UC cgf.\gﬂg Ict)'vine




UC Irvine Background

Land Area: 1,475 acres
Students: 31,000

Employees: 8,400

Building Space: 11 million S.F.

Water Use

Potable use: 358 million
gallons/year (MGY)

Recycled use: 140 MGY for
landscaping

39% of potable water used
returns to campus as recycled
water

UCI



UC Irvine Water Action Plan

Historic and Projected Potable Water Use

per Weighted Campus User (WCU) Water Action Plan

20,000
18,000 Baseline Years Goals
6000 * Reduce potable water
| use per capita by 20%
14,000
3 1o, e BT _ by 2020
s * Reduce potable water
(O]
o 1000 50% Target use per capita by 36%
% 8,000 by 2025
6,000 Stretch Goal
4,000 * Reduce potable water
2,000 use per capita by 50%
i by 2025
N N AU
s r&“q’ fﬁ@ (9@ r&“\ «»@ @““" @““ v&*’ r&“b 7 @“‘b s @‘9 &

UCI



Irvine Ranch Water District (IRWD) Background

1961: District formation, began providing potable (drinking) water services

1963: Added sewage collection and treatment services
1967: IRWD initiated its recycled water program including UCI "
2015: Detailed assessment of embedded energy in potable and recycled water (g

[rvine Ranch

WATER DISTRIC



IRWD Michelson Recycled WaterTreatment Plant

State of the Art Treatment Process:

e Membrane bioreactors

*  Microscopic membrane filtration

UV disinfection

* Waste-to-energy biodigester system (2018)

Treatment Capacity:
Current: 28 Million Gallons per Day (MGD)
With expansion: 33 MGD

o

Irvine Ranch

WATER DISTRICT



History of UCI/IRWD Collaboration

* Recycled Water Customer

( ":,i Sy since 1967
e g = 4\\ | «+ Collaborative Water
&G & Efficiency Survey (2010)

e
a ; i G & =

* Restroom Fixture
Replacements (70 MGY)

* Irrigation Control Upgrades
&Turf Replacement Rebates
(3.5 MGY)

* Once-Through Cooling
Replacement (5 MGY)

Total water savings = 78 MGY

UCI



UCI Central Plant Systems

Cooling Towers

/ Combined Heat and
. Do e AT : Power System

Thermal Energy
Storage Tank

- 4 “ =\ § ._ {1 ) v i
o G - oy - \ “x‘ ' y v %
aF WA “ L 3 3 R ]‘ L e\ AN W (W -
£ h* £ || AR D _},_( k) ={ g

W A

Cooling Tower Annual Potable Water Use (2016)= 80 MGY (22% of total campus use)

UCI



Recycled Water Conversion - Project Elements

»
 Existing
Regycled
. Water
- o Pipeline

-
o

Mic'h‘elsoh
Treétﬁfént

Plant:>

ucl . »
CentralsPlant
.. System
Improvem:

* New 12” recycled water line
serving UCI central plant

e Center Plant System
Improvements:

e Connection and valves
e Filter system

* Monitoring &
Instrumentation

* Revised water treatment
program

e Approximate cost of Central Plant
Improvements = S1 million

UCI



Gallons per WCU

Potable Water Savings

20,000
18,000
16,000
14,000
12,000

10,000

‘1/ 'L ‘L
A\’ Sl o
Q Q Q
S & S

Historic and Projected Potable Water Use
per Weighted Campus User (WCU)

Baseline Years

Projected Water

avings with project

T Y

50% Target

UCI



Water-Energy Nexus

EnergydntensitydkWh/MG)

5000

4000

3000

2000

1000

EmbeddedEnergyBavings
(kwWh/Million®allons)

Potable

Recycled

933 kWh/MG embedded
energy savings by
switching to recycled
water

81,776 kWh/year energy
saved by converting to
recycled water use

UCI



Business Model

Projected®RepaymentBchedule * On bill financing
based on price
$400,000.002 differential
Potable Rate | Recycled Rate (40% Discount)
| > e $262,275 MWD
$200,000.002 Grant
|IIIIII|||||||||||"“ 8.9 year projectec
$0.00@
v 12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 repayment
[}
©°
Q ($200,000.00)
($400,000.00)
B Commodity®avings
($600,000.00)
CapitalXCost@Balance
($800,000.00)

Year

UCI



Next Steps

Project Construction Schedule

Pipeline Installation Oct. 2017 — Feb. 2018
UCI Central Plant System Modifications Oct. 2017 —Jan. 2018
System Tie-In Jan. 2018
Start-up Feb. 2018

UCI



Thank you,

Richard Demerjian
rgdemerj@uci.edu

eps.uci.edu
sustainability.uci.edu

UCI

University of
California, Irvine




Additional Resources

= Developing a Corporate Water Management
Strategy for Manufacturers (Prakash Rao, Phd,
LBNL)

= Developing a Corporate Water Management
Strateqy for Manufacturers

= Harbec Showcase Project
= Nissan Showcase Project
= AMO pump system resources
= AMO steam system resources

51
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Developing a Corporate Water Management Strategy for Manufacturers.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Developing a Corporate Water Management Strategy for Manufacturers.pdf
https://betterbuildingssolutioncenter.energy.gov/showcase-projects/water-retention-pond
https://betterbuildingssolutioncenter.energy.gov/showcase-projects/recycling-water-using-advanced-filter-strategies
https://energy.gov/eere/amo/pump-systems
https://energy.gov/eere/amo/steam-systems
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Better Buildings Webinar Series

Lab Partners:
How to Leverage DOE National Laboratories

Tuesday, December 5, 2017 | 3:00 - 4:00 PM ET

REGISTER TODAY

Secretary Perry describes the National Labs as the
"crown jewels of America's R&D efforts." National
Labs offer unique expertise, facilities, and tools that
Better Buildings partners could leverage towards their
goals. This webinar will introduce attendees to the
various labs and ways to collaborate with National

Lab researchers.
53
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https://attendee.gotowebinar.com/register/1980173547191576066

Additional Questions? Please Contact Us

betterbuildingswebinars@ee.doe.qov

Mark Dhennin

: Prakash Rao
Cummins

) . LBNL
Today’s mark.h.dhennin@cummins.com PRao@Ibl.qov
Presenters Nichole Morris . .
C : Richard Demerjian
umrnins d [@uci.edu
nichole.b.morris@cummins.com rgdemer] '
DOE Bruce Lung
Program DOE, Better Buildings Challenge
Leads Robert.LUng@EE.Doe.Gov
Proaram Kendall Sanderson Brittany Ryan
sy 9 ort JDM Associates JDM Associates
PP ksanderson@jdmgmt.com bryan@jdmgmt.com
54 Follow us on Twitter @BetterBldgsDOE
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